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[57) ABSTRACT

Immunostimulant medicine comprises one or more sul-
fur compounds absent as a normal constituent in living
beings, said compound comprising between about 16-40
percent sulfur in the molecule thereof, and an excipient

therefor.

8 Claims, 1 Drawing Figure

12 3 45 10 15

24 30 36



U.S. Patent

Apr. 10, 1979 4,148,885

36

24

15

10

12345




4,148,885

1
IMMUNOSTIMULANT MED’ICINE

The present apphcatmn is a eontmuatmn-m-part ap-
plication of Ser. No. 509,318 filed Sept. 25, 1974 now

abandoned.

The present invention relates to a new medlcme for
stimulating immunitary responses of a receptor organ-
1Sm.

It 1s known that the defense mechanism of an organ-
ism, briefly categorized as humoral immunity and cellu-
lar immunity, interpose to eliminate harmful foreign
bodies such as, principally, micro-organisms (bacteria,
rickettsies, virus, fungus, protozoans or metazoans) and
abnormal cells which comprise neoformed cells which
are potentially or effectwely capable of becoming a
“tumor”. .

Moreover, a certain number of illnesses are caused, in
a well known fashion, by some modification of the func-
tioning of the immunologic system or they accompany
such modifications. They are notably the self-immune
illnesses, illnesses of immuncomplexes, poisoning, septi-
cemia and the like.

A great number of substances susceptible of increas-
ing the immunologic reactivity of receptor subjects
have been tested, this stimulation of the immunity corre-
sponding to a wide range of antigens. For example, the
B.C.G. has been utilized in the case of lymphoid or
lymphome lucemia; some extracts of M. tuberculosis, of
C-parvum and of Brucella, etc.

These substances exhibit, however, several disadvan-
tages. In particular, they are often toxic. They also
provoke {0 various degrees a “‘producer of local granu-
loma” effect and, in a general fashion, the lack of
knowledge of their exact nature and the difficult condi-

tions of their preparation render complicated a system-

atic test and good reproducibility of clinical resuits.
The new medicines according to the present inven-

tion overcome these drawbacks and they possess very

weak toxicity and in certain cases, none at all. Certain

ones at least of the medicines have an antitoxic activity
on the organism. They are void of the “producer of
local granuloma” effect. The administration of the med-
icines according to the invention provides a stimulation
of specific immunologic response of the organism in the
case of introducing an antigen. These medicines act
according to the case on the production of antibodies
and on cellular immunity and, in a general fashion, on
these two aspects of immunity. They permit a re-estab-
lishment of normal immunologic reactivity in the pa-
tient’s body whose immunitary activity has been dimin-
ished in a natural or provoked fashion. When the medi-
cine, according to the invention, is combined with a
vaccine, it produces an increase in the immunoprotec-
tive effect of the vaccine.

The new vaccines according to the invention are
susceptible to a sufficiently great number of therapeutic
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applications. They are principally used either alone, to

reestablish a normal immunologic reactivity, or com-
bined with “vaccines” (tumoral cells, cell extracts and
oncogene virus). The medicines, according to the in-
vention, are also applicable to the restoration of immu-
nity decreased by age (immunosenescence), caused by a

natural deficiency or by a serious modification of the

general state.
The new medicines according to the invention can

also be used in immunotherapy for burns.
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The new immunostimulant medicines are character-
ized by the fact that they comprise one or more mineral
or organic sulfur compounds absent as a normal constit-
uent in living beings, the sulfur comprising about be-
tween 16-40% of the molecule. Preferably, the said
molecule is a ring compound or is capable of cycliza-
tion.

The said molecules possess a low molecular weight
and this property can be defined by, for example, repre-
sentative sulfur compounds described below which
constitute or are a part of the medicines accordlng to
the present invention.

In a preferred embodiment, a medicine according to
the invention properly proportioned for administration
to a human being comprises a quantity of sulfur com-
pound, expressed in mg per kg of the receptor organism,
sufficient such that the index of stimulation, obtained by
dividing the number of plate culture counted for 108
nucleated cells of the mice spleen after stimulation and
injection of sheep red blood corpuscles, by the number
of plate cultures obtained after injection of sheep red
blood corpuscles alone is greater or equal to 1.6. In a
general fashion the said dosage is equal preferably to
less than 1 mg/kg.

The medicines according to the present invention
comprise preferably at least one of the following com-

pounds:
(1) sodium diethyldithiocarbamate

CH3-CH; S

N
N—C—SNa

CH3;—CH;

preferably of doses of 10-25 mg/kg
(2) sodium thiomalate -

COOH—CH—CH;—COOH

|
.SNa

preferably of doses of 0.6~10 mg/kg
(3) sodium thiosulfate |

(5) methimazole (1-methyl-2-mercaptoimidazole)

CH3

|/'— SH

~ (6) thiophene
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(7) thioguanine

N~
HzN—k N

(8) thiosemicarbazide

ﬁ
NH;—C—NH—NH;

' (9) phenothiazine

| H | |
| |
. - |
(10) thiouracil '
N ﬁ
oo
N

OH

As a variation of the present invention, the said medi-
cines can comprise, in addition to the said sulfur com-
pounds, a certain quantity of theophylline or an ami-
nophylline analogue. |

The medicines according to the present invention can
advantageously be administered at the same time as a
vaccine, principally a vaccine in which the antigens
come from tumoral cells, cell extracts or oncogene virus
with the view to increase the immunizing power of the
vaccine. The addition can be effected simultaneously
with the vaccine, or before or after, and preferably, less
than 2 days before or after the administration of the
vaccine.

The invention is also related to a new immunostimu-
lant medicine comprising a preparation of antigens act-
ing as a vaccine and at least one sulfur compound hav-
ing from 16-40% sulfur encompassed in the molecule,
the said molecule being absent as a normal constituent
in living beings.

Such a medicine can advantageously include antigens
coming from tumoral cells or their extracts or even
viro-oncogenes antigens. Among the said sulfur com-
pounds employed in the said medicine are preferably
those compounds specifically identified above.

Such medicines are characterized by a combination
effect in which the sulfur compound acting in the man-
ner of an adjuvant potentializes the antigenic action of
the vaccine antigens, thus producing an increased 1m-
munitary response, even in an organism whose immuno-
logic reactivity has been reduced.

The quantity of the sulfur compound in the dosed
medicine is such that the stimulation index is at least
equal to 1.6. The dose of sodium diethyldithiocarbamate
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4

as well as that of sodium thiomalate is preferably be-
tween 1.25 and 25 mg/kg. - ’
~ The following 1s a description, as an example, of the
action of said medicines on the immunitary response of
mice. |

The tests permitting the determination of the stimula-

tion index (IS) have been established by counting the
plate cultures of hematolysis of mice spleen, localized in
gel according to a technique derived from the original

method of Jerne. This method in its classic form raises
the activity of lymphocytes B (antibody production) to
lymphocytes T (cellular immunity and inducing the
production of antibodies).

"~ The IS index is obtained by dividing the number of
plate cultures counted for 108 nucleated cells of the
spleen after an administration of sheep red corpuscles
and of the medicine according to the invention, by the
number of plate cultures obtained after injection of the
red blood corpuscles alone, also for 108 nucleated cells.
- By statistical analysis of the results, an IS value Z1.6
corresponds to effective immunity stimulation whereas
an IS value =0.60 corresponds to an inhibition. |

EXAMPLE 1

"One uses groups of 5 laboratory female mice CI-1
(Rivers) weighing 20 = 1g and one inoculates the said
mice intravenously with 108 sheep red blood corpuscles.
Certain groups of mice are thus preserved as a control
of the antigen activity. The other groups receive simul-

taneously, but separately, subcutaneously, some differ-

ent doses per group, of the sulfur compound, the doses
ranging from 0.625 mg/kg to 25 mg/kg. |

. Two days after the injection of antigens and sulfur
compound the mice are sacrificed and the spleens exam-
ined.

To this effect one mixes in a Petri disk, 100 mm in
diameter, 2 ml of an 8% Eagle agar medium containing
3.5 X 108 sheep red blood corpuscles and 0.2 ml of
Eagle medium not treated with agar containing in ho-
mogeneous suspension and well dispersed one fifth of
the mice spleen pulp. After solidification of the medium
and incubation for 1 hour at 37° C., one portions out the
surface of each dish 1.5 ml of C’ diluted to 1/5 in a
Mayer veronal buffer and one carries again for 1 hour at
37° C. the fixation on the antigen (sheep red blood cor-
puscles) of the antibodies diffused around the formative
cells and the subsequent cytotoxic effect of C' creating
some plate cultures of hematolysis. These plate cultures
are registered, counted and their number brought to 108
nucleated spleen cells, at the same time as 1t 1s standard
deviation calculated.

The results obtained are shown in Table 1 below.
TABLE 1
STIMULATION INDEX BY SUBCUTANEOUS INJECTION
OF THE MEDICINE OF
THE PRESENT INVENTION WITH

SIMULTANEOUS INTRAVENOUS
INJECTION OF AN ANTIGEN

Doses
Sulfur Compounds 0.625 125 25 5 125 25

W-

Sodium diethyldithio-

carbamate 0.9 2.5 25 2 3.5
Sodium thiomalate | 26 3.1 39 |

- Cystine 0.98

Cysteine 0.98

Methionine I.1

Thiamine 0.98 098 098 1.2

Sodium thiosulfate 3.5

Sodium metabisulfite 34 25 29

Thiophene 32 11 055
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TABLE 1-continued

STIMULATION INDEX BY SUBCUTANEOUS INJECTION
OF THE MEDICINE OF -

THE PRESENT INVENTION WITH

SIMULTANEOUS INTRAVENOUS - s
INJECTION OF AN ANTIGEN -
Doses -

Sulfur Compounds 0.625 125 25 5 125 25
Methimazole 5.6 7.3 2.6 |
Thioguanine 0.9 1.7 5.1 10
Thiouracile 1.8 26 1.1
Phenothiazine 35 03

Thiosemicarbazide 1.67 1.65 42 1.9

It can be seen in Table I that for 1 dose of O. 625
mg/kg an immunostimulant action 1s already present for
sodium metabisulfite, methimazole, thiouracil and thi-
osemicabazide. For 1 dose of 1 mg/kg an immunostimu-
lant action is obtained for almost the totality of the
sulfur compounds.

Starting with doses of 2.5 mg/kg, certain of the sulfur
compounds become less active. However, sodium di-
ethyldithiocarbamate, sodium thiomalate and sodium
thiosulfate are active at doses as high as, for instance, 235
mg/kg for sodium diethyldithiocarbamate wmch is
besides not toxic at this dosage. |

As a comparison, the index of stimulation of sulfur
compounds present in the organism of human beings
such as cystine, cysteine, methionine and thiamine has
also been studied. At the various dosages contemplated,
these compounds are not active.

EXAMPLE 2
In this example the mice were treated in a fashion
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30

analogous to those in Example 1, the only difference 35
being that the mice were inoculated with sodium dieth-
yldithiocarbamate 18 hours before the antigen inocula-
tion. The results were as follows:
TABLE 2
INDEX OF STIMULATION 40
THE PRODUCT OF THE INVENTION BEING
INJECTED 18 HOURS BEFORE THE ANTIGEN
Doses (mg/kg)
Product 0625 250 50 145 25 45
Sodium diethyl-
dithiocarbamate 4.4 2.45 1.2 3.8 4.7
EXAMPLE 3

50
The same tests as in Example 1 have been effected on

mice with the exception that the sulfur compound was
injected 6 hours after the antigen inoculation (Table 3)
and in a second series of tests, 24 hours after the antigen
inoculation (Table 4).
All dosages employed are effective for sodium thio-
malate as well as for sodium diethyldithiocarbamate.
TABLE 3

INDEX OF STIMULATION BY SUBCUTANEOUS

INJECTION OF THE PRODUCT OF THE INVENTION
. . 6 HOURS AFTER THE ANTIGEN

— Doses(mg/kg)

35

60

Product 0.625 125 2.5 5 £2.5 25
Sodium thiomalate =~ 5.8 . 42 38 125 27
Sodium thiomalate 5.8 4.2 38 30 2.7 5
Sodium diethyl- |
dithiocarbamate 0.45 210 38 62 31
Sodium thiosulfate 3.5 .

Sodium metabisulfite 2.0.

4,148,885
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- TABLE 3-continued

- INDBX OF STIMULATION BY SUBCUTANEOUS
INJECTION OF THE PRODUCT OF THE INVENTION
6 HOURS AFTER THE ANTIGEN

' Doses gﬂlgzl_:g!

P.rod ﬁcf

0.625 1.25 2.5 5 12.5 25
Cystine 1
Cysteine - 1
Thiamine 1.2
TABLE 4

INDEX OF STIMULATION BY SUBCUTANEOUS
INJECTION OF THE PRODUCT OF THE INVENTION
24 HOURS AFTER THE ANTIGEN

Doses !mgzll_c_g!

Product 0625 125 25 5 - 125 25
Sodium diethyl- 3.2 14 1.6 3.1 4.0
dithiocarbamate

EXAMPLE 4

In this example there has been studied the action of
sodium diethyldithiocarbamate on the immunologic
response of aged mice. CD-1 female mice (more than 9
months old and weighing from 49-54 grams) were inoc-
ulated through the veins with 108 red sheep blood cor-
puscles. The treated mice then received sodium diethyl-
dithiocarbamate 6 hours after the antigen, certain ones
2.5 mg/kg, the remainder 12.5 mg/kg, of this sulfur
compound.

Two days after the antigen injection (sheep red blood
corpuscles) the mice were sacrificed and their spleens

examined. The results are shown in Table 3.
TABLE 5

Action on aged CD-] female mice more than 9 months

old, 49-54 g (10 mice perfot) -

PFC/108
Treatment + SE
None 39 + 21
108 sheep red
blood corpuscles 98 + 37
108 sheep red
blood corpuscles |
and 2.5 mg/kg DEDTC 284 £ 79
108 sheep red
blood corpuscles and |
12.5 mg/kg DEDTC 316 *+ 58

The results show that the administration of sodium
diethyldithiocarbamate to very old mice is capable of
increasing, according to the treatment doage, from
2.9-3.2 times more than their immunitary potential

- which has practically been destroyed by immunisenes-

cence. The inoculation of the aged mice raises their
immunitary response to a level (316 plate cultures)
which is near that of young adult mice, who, injected
with the same quantity of antigen, give 380 plate cul-
tures.

EXAMPLE 5

In this test the influence of theophylline on the immu-
nity stimulation by one of the sulfur compounds of the
medicines of the invention, 1.e. sodlum diethyldithiocar-
bamate, is studied.

In effect, theophylline inhibits the phosphodierestases
and stabilizes cyclic 3',5'-adenosine monophosphate
(CAMP) by preventing its conversion.

- To this effect one has counted the plate cultures of -
gelled localized hematolysis present in the spleen of
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mice treated or not with sodium diethyldithiocarba-
mate, combined or not with theophylline after intrave-
nous injection of 108 sheep red blood corpuscles.

The counting of the plate cultures of hemotolysis has
been carried out in accordance with the previously
described method. = . - -
TABLE 6

Action of theophylline on the stimulation by

DEDTC of CD-1 female mice, 20g ==

PFC/10%

Treatment &= SE
None o 28 .5
108 sheep red | B
blood corpuscles 852 + 104
108 sheep red
blood corpuscles and
theophylline 916 + 101
108 sheep red R
blood corpuscles and
0.625 mg/kg DEDTC 813 = 48
108 sheep red blood
corpuscles and 2.5
m%/kg DEDTC 1965 = 96
10° sheep red blood
corpuscles and 0.625
mg/kg DEDTC and |
theophylline - 2003 + 91
108 sheep red blood
corpuscles and 2.5
mg/kg DEDTC and
theophylline 1906 * 103

It can be seen from this table that the theophylline
alone, at the dosage employed, does not modify sensibly
the number of plate cultures of the mice spleen.

The treatment of mice with 0.625 mg/kg of sodium
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diethyldithiocarbamate and with 200 mg per mouse of

theophylline increases the stimulating power of the
medicine. It can be concluded that this sulfur compound
acts by the intermediate of the ring of the CAMP which
can serve to mediate these stimulating actions.

EXAMPLE 6

In this test the action on mice is studied with a medi-
cine according to the invention based on sodium dieth-
yldithiocarbamate during a toxic attack on the mice.
CD-1 female mice weighing 20 + 1 g received an inoc-
ulation of 2.5 mg of brucellic toxin corresponding to the
“phenol” fraction of brucella melitensis. It is known
that such an inoculation leads to clear toxic emaciation
of mice (see Renoux and Renoux, Jr. inf. Diseases, 1973,
127, 139). A first lot of inoculated mice is maintained as
a control for the activity of the toxin. A second lot is
treated with 2.5 mg/kg of sodium diethyldithiocarba-
mate, 12 hours after the inoculation of the toxin. An-
other lot is treated with 5 injections of the same quantity
(2.5 mg/kg of sodium diethyldithiocarbamate at day
+2, +3, +4, +6 and +7 after the inoculation of the
toxin. Lot No. 1 consists of the control mice who did
not receive an inoculation. Another lot 5 is a control for
the action of sodium diethyldithiocarbamate on mice
without a toxin inoculation, each mouse receiving 35
injections under the same conditions, at the same days
and hours as the mice of lot 4. These mice are main-
tained in an air conditioned environment at 24° C. and
fed with special foods without antibodies. |

The result is shown in FIG. 1 which illustrates at the
abscissa, the time in days and at the ordinate, the evolu-
tion in weight starting with normal weight. o

The mice treated with the sulfur compound 12 hours
after the injection of the endotoxin did not lose weight
and as early as the 20th day have a weight curve very
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clearly higher than that of the control. The treated mice
at the days +2, +3, +4, +6 and +7 after the injection
of the toxin do not lose weight and have as early as the
20th day a weight curve very greatly higher than that of
the control. L ,

"It can thus be seen that sodium diethyldithiocarba-
mate possesses an anti-toxic activity combined with an
anabolising effect on the mice.

The administration to subjects of the medicines of the
invention can, for example, be effected orally or in the
form of a solution of the sulfur compound in the indi-
cated dosages, or in the form of a solid with a classic
type excipient. As a variant, the administration can be
effected by subcutaneous injection, the sulfur com-
pound being preferably dissolved in physiologic water.

In a preferred fashion, the administration of the medi-
cine with the view of producing an increase in immu-
nity is effected by administering at least one dose per
day and this, preferably, for a period of several days or
several weeks.

In the embodiment where the medicine of the inven-
tion includes antigens, the administration of the medi-
cine is effected under the same condition as those of the
antigens alone. |

- What is claimed is:

1. A process for stimulating the immunity of a living
organism comprising orally or subcutaneously adminis-
tering to said organism in an amount effective to stimu-.
late immunity an immunostimulant medicine consisting -
essentially of sodium diethyldithiocarbamate and an
excipient therefor, said sodium diethyldithiocarbamate
being administered at a dosage, relative to the weight of
the receptor organism, which corresponds to a dosage

. which produces, in mice having received an injection of

sheep red blood corpuscles, a stimulation index equal t;
or greater than 1.6.

2. The process of claim 1 wherein said dosage admin-
istered comprises between 10 and 25 mg/kg of the re-
ceptor organism.

3. A process for stimulating the immunity of a living
organism comprising orally or subcutaneously adminis-
tering to said organism in an amount effective to stimu-
late immunity an immunostimulant medicine consisting
essentially of sodium thiomalate and an excipient there-
for, said sodium thiomalate being administered at a
dosage, relative to the weight of the receptor organism,
which corresponds to a dosage which produces, in mice
having received an injection of sheep red blood corpus-
cles, a stimulation index equal to or greater than 1.6. |

4. The process of claim 3 wherein said dosage admin-
istered comprises between 0.6 and 10 mg/kg of the

~ receptor organism.

55

65

5. A process for stimulating the immunity of a living
organism comprising orally or subcutaneously adminis-
tering to said organism in an amount effective to stimu-
late immunity an immunostimulant medicine consisting
essentially of sodium thiosulfate and an excipient there-
for, said sodium thiosulfate being administered at a
dosage, relative to the weight of the receptor organism,
which corresponds to a dosage which produces, in mice
having received an injection of sheep red blood corpus-
cles, a stimulation index equal to or greater than 1.6. -

6. The process of claim 5 wherein said dosage admin-
istered comprises at least about 1 mg/kg of the receptor
organism. )

7. A process for stimulating the immunity of a living
organism comprising orally or subcutaneously adminis-
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tering to said organism in an amount effective to stimu-
late immunity an immunostimulant medicine consisting
essentially of sodium metabisulfite and an excipient
therefor, said sodium metabisulfite being administered
at a dosage, relative to the weight of the receptor organ-
ism, which corresponds to a dosage which produces, in
mice having received an injection of sheep red blood

10

8. A process for stimulating the immunity of a living
organism comprising orally or subcutaneously adminis-

' tering to said organism in an amount effective to stimu-

late immunity an immunostimulant medicine consisting
essentially of thiosemicarbazide and an excipient there-
for, said thiosemicarbazide being administered at a dos-
age, relative to the weight of the receptor organism,
which corresponds to a dosage which produces, in mice
having received an injection of sheep red blood corpus-

corpuscles, a stimulation index equal to or greater than 1o cles, a stimulation index equal to or greater than 1.6.

1.6.
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